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Abstract
Objectives This study aimed to evaluate the prevalence of
colonic diverticula according to age, gender, distribution, dis-
ease extension and symptoms with CT colonography (CTC).
Methods The study population included 1091 consecutive pa-
tients who underwent CTC. Patients with diverticula were
retrospectively stratified according to age, gender, clinical
symptoms and colonic segment involvement. Extension of
colonic diverticula was evaluated using a three-point quanti-
tative scale. Using this data, a multivariate regression analysis
was applied to investigate the existence of any correlation
among variables.
Results Colonic diverticula were observed in 561 patients
(240 men, mean age 68±12 years). Symptomatic uncompli-
cated diverticular disease (SUDD) was present in 47.4 % of
cases. In 25.6 % of patients ≤40 years, at least one
diverticulum in the colon was observed. Prevalence of right-
sided diverticula in patients >60 years was 14.2 % in caecum
and 18.5 % in ascending colon. No significant difference was
found between symptomatic and asymptomatic patients re-
garding diverticula prevalence and extension. No correlation
was present between diverticula extension and symptoms.
Conclusion The incidence of colonic diverticula appears to be
greater than expected. Right colon diverticula do not appear to
be an uncommon finding, with their prevalence increasing
with patient age. SUDD does not seem to be related to diver-
ticula distribution and extension.
Key Points
• Incidence of colonic diverticula appears to be greater than
expected.
• Right colon diverticula do not appear to be an uncommon
finding.
• SUDD does not seem to be related to diverticula distribution
and extension.
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Introduction
Colonic diverticula are an acquired condition defined as the
presence of small outpouchings of the colonic mucosa through
the outer muscular layers at sites of vascular perforation [1].
This condition is defined as diverticulosis when asymptomatic
and as diverticular disease when associated with clinical
symptoms. Diverticular disease is further subclassified into
symptomatic uncomplicated diverticular disease (SUDD)
and symptomatic complicated diverticular disease, when per-
foration, fistula, obstruction and/or bleeding are present [2].
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In industrialized Western countries, diverticulosis shows a
high prevalence, affecting 5 % of people in their fifth decade
and approximately 50 % of those in their ninth decade [3],
with an estimated mortality rate of 2.5 per 100,000 per year.
This represents the fifth most important gastrointestinal dis-
ease in terms of direct or indirect healthcare costs [4].
Studies on the prevalence of diverticulosis are mainly
based on colonoscopy, necroscopy and barium enema [2]. In
particular, before the advent of CT, which showed an excellent
sensitivity in acute diverticulitis detection of 85–97 % [5,6],
barium enema was the most utilized imaging technique for
demonstrating the presence of diverticula in symptomatic
patients.
In recent years, CT colonography (CTC) has become a
non-invasive alternative test for colorectal cancer screening,
thanks to its excellent diagnostic accuracy [7,8]. Likewise,
CTC can accurately detect the presence of diverticula and
provides important clinical information, facilitating the selec-
tion of appropriate management [9]. Although CTC allows for
accurate visualization of the whole colon and detection of the
presence of diverticula, no systematic studies on disease prev-
alence and distribution have ever been performed using CTC.
Hence, the purpose of the current study was to evaluate the
prevalence of diverticulosis and SUDD according to age, gen-
der, colonic segments, disease extension and symptoms in a
group of patients who underwent CTC.
Materials and methods
Subjects
The study population included 1091 consecutive Caucasian
patients who underwent CTC examination between October
2007 and February 2012 for colon cancer screening and var-
ious clinical indications: positive faecal occult blood test, fam-
ily history of colorectal cancer, atypical abdominal pain, in-
complete colonoscopy, rectal bleeding, anaemia and weight
loss. Patients who met any of the following criteria were not
included in the study: (a) suspected or known inflammatory
bowel disease; (b) colorectal cancer; (c) known colonic diver-
ticula; (d) history of diverticulitis; (e) acute diverticulitis, de-
fined as the presence of fever or elevated inflammatory
markers (high white blood cell count, elevated C-reactive pro-
tein level, erythrocyte sedimentation rate increment); (f) acute
abdominal pain.
CTC protocol
Protocol for CTC examination included a fibre-free diet 3 days
before examination and bowel preparation. In detail, starting
3 days before the examination, patients were instructed to
avoid intake of all fibre-rich food, including fruit, vegetables,
whole-grain bread and whole-grain cereals. Bowel prepara-
tion was obtained with Bfecal tagging^ by administering an
oral iodinated contrast agent to patients in a B1-day
preparation^. The iodinated contrast agents used were
diatrizoate meglumine and diatrizoate sodium with an iodine
concentration of 370 mg/mL (Gastrografin; Schering, Berlin,
Germany) or Iopamidol with an iodine concentration of
300 mg/mL (Gastromiro, Bracco, Italy). Specifically, patients
were asked to drink 170 mL of contrast agent diluted in a glass
of water during a mild lunch (85 mL) and again at mid-
afternoon (85 mL) followed by at least 1 L of water the day
before the examination. In case of reported allergy to iodinat-
ed contrast media, patients were asked to consume cathartic
drugs. In these particular cases, patients were asked to drink a
solution consisting of 100 g PEG-4000 (ISOCOLAN, Bracco,
Italy) and 2 L of water the evening before examination.
On the day of CTC examination, patients assumed a left
lateral decubitus position so that a thin, lubricated, silicone
Foley catheter could be gently inserted into the rectum. Co-
lonic distention was obtained with room-air or with CO2
(PROTOCO2L, Bracco Diagnostics) according to patient tol-
erance (2.5 L of CO2 was the average amount). In case of
inadequate colonic segmental distention a muscle relaxant,
20 mg of butylscopolamine bromide (Buscopan®), was intra-
venously or intramuscularly injected.
Supine and prone acquisitions were obtained with 64-
channel multi-detector CT system (Sensation Cardiac, Sie-
mens), with 1.25 mm collimation, kVp of 120, 50–75 mAs
and 1.5 mm reconstruction interval.
CTC images were retrospectively evaluated by two radiol-
ogists experienced in CTC interpretation (more than 5000
cases), using a primary 2D axial approach (primary window
setting 1500, −250 HU) on a dedicated workstation (IM3D,
Turin, Italy).
Patient analysis
Two abdominal radiologists with more than 5 years of expe-
rience recorded the number and location of diverticula for
each patient. A three-point graded-scale scoring system was
used to score the extension of colonic diverticula in each co-
lonic segment: grade 1 (rare, less than six diverticula), grade 2
(multiple, 6–20) and grade 3 (severe, more than 20) (Fig. 1).
Patients were considered affected by severe diverticulosis if at
least one colonic segment was grade 3. Patients with
diverticula were retrospectively stratified into seven groups
according to age. Each group was further stratified according
to gender, clinical symptoms and colonic segments in-
volvement (caecum, ascending colon, transverse colon,
descending colon and sigmoid colon). The rectum was not
included in this analysis owing to the general absence of di-
verticula in this segment.
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Diverticulosis was defined as the presence of colonic di-
verticula in absence of any clinical symptoms. Symptomatic
uncomplicated diverticular disease (SUDD) was defined as
the presence of colonic diverticula plus at least one point re-
ported by the patient in the standardized questionnaire used to
record patients’ history and symptoms: (1) periodic abdominal
pain/discomfort; (2) history of diarrhoea/constipation; (3) al-
ternating bowel habits; (4) abdominal tenderness/bloating; (5)
history of rectal bleeding. Since a validated specific question-
naire for SUDD is lacking, symptoms were evaluated by
means of a validated questionnaire for dyspeptic and abdom-
inal symptoms according to Rome III criteria [10,11].
CTsigns of acute uncomplicated diverticulitis were consid-
ered as mural thickening, increased fatty attenuation adjacent
to the afflicted segment, free peritoneal fluid and enlarged
lymph nodes [12]. Mural abscesses or extramural abscesses,
fistulas and colonic perforation were reported in cases of acute
complicated diverticulitis. CT signs of chronic uncomplicated
diverticulitis were considered severe mural thickening with
reduced colonic distention and pericolic fat stranding [13].
Statistical analysis
Descriptive statistics are provided as mean±standard devia-
tion (SD) for continuous variables and absolute and relative
frequencies for categorical variables. Normal data distribution
was assessed with a Kolmogorov–Smirnov test. Student’s
two-tailed t test for paired samples was performed to evaluate
differences in diverticula prevalence and distribution related to
patient gender, symptoms and CT signs. In order to correlate
the diverticular prevalence and severity with the symptoms
and CT signs, a multivariate regression analysis was per-
formed. Statistical analysis was carried out using SPSS
(version 21.0; SPSS, Chicago, IL, USA), and a p values of
less than 0.05 were considered statistically significant.
Results
Diverticular distribution and severity
Of a total population of 1091 Caucasian patients, diverticula
were observed in 561 patients with an overall prevalence of
51.6 %, 240 (42.8 %) men, and a mean age of 68±12 years
(Table 1).
Diverticula were distributed as follows: caecum, 125
(9.6 %) segments; ascending colon, 172 (13.1 %); transverse
colon, 167 (12.7 %); descending colon, 355 (27.1 %); sigmoid
colon, 492 (37.5 %) (Fig. 2) for a total of 1311 segments
involved. Diverticula were graded as rare in 138 patients
(24.6 %), multiple in 193 (34.4 %) and severe in 230 (41.0 %).
No significant difference in diverticula prevalence and dis-
tribution was observed related to patient gender (p>0.05).
The overall prevalence of diffuse diverticulosis according
to patients’ age is higher in left-sided colon than right-sided
colon. In particular, in the sigmoid colon, the overall preva-
lence was 51.2 % in the 6th decade of life, 48.4 % in the 7th
decade and 67.1 % in the 8th decade, while it ranged between
23.3 % and 36.4 % during the 4th and 5th decades. Consider-
ing the right colon, the highest overall prevalence was found
in the 6th and 7th decades, occurring in 17.3–18.7 % of pa-
tients in the ascending colon and 14.2–12.7 % in the caecum.
Disease extension increased with age in all colonic seg-
ments, especially in the sigmoid colon where grade 3 ranged
from 2.5 % for patients under 40 years of age to 28.6 % for
those older than 70 years (Table 1).
Fig. 1 Diverticula grading scale.
a grade 1 (rare, <6 diverticula); b
grade 2 (multiple, ≥6 – ≤20); c
grade 3 (severe, >20)
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In 25.6 % of patients under 40 years of age at least one
diverticulum per patient was observed considering all the co-
lonic segments, and in 15.4 % of patients diverticula were
located in the sigmoid colon.
Diverticula and symptoms
SUDD was present in 266 (47.4 %) patients with diverticula.
No correlation was found between distribution or extension of
diverticula and symptoms (r=0.3; p>0.05). No significant
difference was found between symptomatic and asymptomat-
ic patients regarding diverticula prevalence and extension
(p>0.05).
The highest prevalence of SUDD occurred in the 6th and
7th decades in the left sided colon (41.2–39.9 % in sigmoid
colon and 33.9–30.0 % in descending colon). In the same
decades, the prevalence of SUDD in the right colon was
15.7–17.3 % in the ascending segment and 13.3–10.4 % in
the caecum (Table 2).
In asymptomatic patients, the highest prevalence of severe
diverticulosis was found in the left-sided colon in the 6th and
7th decades. In particular, prevalence was 17.5–20.8 % in the
sigmoid colon, 15.7–16.2 % in the descending colon, 9.7–
8.7 % in the transverse colon, 6.7–9.8 % in the ascending
colon and 6.7–7.5 % in the caecum (Table 3).
Diverticulitis CT signs were found with a prevalence of
3.7 % (21/561) while prevalence of CTsigns of chronic diver-
ticulitis was 4.1 % (23/561). No CT signs of acute complica-
tion (stenosis, abscess) were observed in any patients. All
patients with signs of acute diverticulitis were symptomatic;
in contrast only 47.8 % (11/23) of patients with chronic un-
complicated diverticulitis were symptomatic.Ta
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Fig. 2 Diverticula prevalence in the overall population
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Discussion
CTC has become the non-invasive imaging technique of
choice for assessment of the colon owing to its ability to ac-
curately depict the colonic wall. This represents the first study
evaluating prevalence and distribution of colonic diverticular
and associated symptoms on a large patient population studied
with CTC. Other studies have previously reported initial data
on detection of colonic diverticula using CTC [14,15], but
those studies were performed on a limited number of patients
and mainly focused on the sigmoid colon; moreover, they
were neither specifically aimed at assessing diverticula distri-
bution and extension according to age and gender nor their
association with clinical symptoms.
We found that the overall prevalence of diverticula
(47.3 %) was similar compared with a recent European study
[16] over a population of 1000 patients that underwent barium
enema. This value is significantly higher than previously re-
ported (15–35%) [17–19], supporting the idea that diverticula
prevalence inWestern countries is increasing, likely attributed
to population aging and dietary changes [20]. Likewise, the
mean age of patients with diverticula in our study was 68±
12 years, demonstrating a steady increment of the disease
prevalence with increased age. Moreover, age was the stron-
gest predictor of diverticula, as previously reported [19,21].
Although colonic diverticula are an uncommon pathologi-
cal condition for young patients, in our study it was observed
that 25.6 % of subjects aged 40 years or less presented at least
one diverticulum in the colon. This data appears in line with
previous studies performed in young patients with barium
enema, standard abdominal CTor surgical intervention, where
the prevalence of diverticula in patients younger than 40 years
old was 5–29 % [22–27].
Regarding the right-sided diverticular disease, our results
support the hypothesis that in the Western population it is not
an uncommon finding. In fact, we found a prevalence of right-
sided diverticula in patients older than 60 years ranging from
14.2 % of the caecum to the 18.5 % of the ascending colon, in
line with the prevalence of 10–17 % previously reported in a
Caucasian population [18–20]. Recently, a higher prevalence
(28 %) of right-sided diverticulosis in Western populations
was reported in a barium study [17]. However, in the barium
studies the pan-diverticular disease was responsible for a sig-
nificant relative contribution to the total of right-sided diver-
ticula. In our study, the disease prevalence in the right colon
increased with age, supporting also the idea that, similar to
left-sided diverticula, the majority of right-sided diverticula
are acquired, rather than congenital [28,29].
From our results, gender does not seem to be related to
diverticula prevalence and distribution. These data are consis-
tent with previous studies demonstrating no difference in gen-
der distribution between age classes in patients with divertic-
ular disease [30,31]. A recent study reported instead that with
increasing age, the proportion of women with SUDD signifi-
cantly increases compared to men, while younger age groups
with diverticular disease are more likely to consist of men
[11]. This observation could be the result of better healthcare
seeking rates in younger groups and an increased prevalence
of women in older groups.
According to the clinical presentation, SUDDwas present in
47.4 % of cases. However, no correlation was found between
extension of diverticulosis and symptoms. Our finding is con-
sistent with the previously reported observation that a clear
correlation between episodes of unspecific abdominal pain
and the presence of diverticulosis is hard to find [32,33], since
these symptoms are present in other pathological conditions,
such as irritable bowel syndrome (IBS) or inflammatory bowel
disease (IBD), and thus they may be indistinguishable from
those of SUDD, representing an important source of overlap
[34]. In this clinical setting, CTC could represent an effective
non-invasive imaging technique to rule out with high accuracy
the presence of diverticular disease, and attribute the patient
symptoms to other causes of abdominal pain.
Our findings should be analysed in the light of the study
limitations. In particular, patients’ symptoms were collected
through an auto-assessment questionnaire, which is prone to
bias, related to subjective symptoms reporting. In addition, a
small number of patients younger than 40 years were included
in this retrospective analysis since the main indication for CTC
was represented by colorectal cancer screening which starts usu-
ally at age 50 in individuals at average risk of colorectal cancer.
This could represent a bias for the effective assessment of juve-
nile diverticular disease prevalence. Finally, the population stud-
ied was mainly composed of patients who underwent CTC for
colorectal cancer screening, and thus could not be representative
of the general population. In any case, we should be aware that
previous studies performed both with colonoscopy and barium
enema were likely to be affected by the same bias.
In conclusion, CTC depicted a different colonic diverticula
scenario in comparison to previous autoptic and barium ene-
ma studies. The diverticula incidence appears to be higher
than expected without significant differences according to
gender. In the Western population, right colon diverticula do
not appear to be an uncommon finding, with their prevalence
increasing with patient age. SUDD seems to be unrelated to
diverticula distribution and extension.
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